CAUTION ON USING PRODUCTIVITY OR AGE RATIOS ALONE
FOR POPULATION INFERENCES

by
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One frequently sees published statements or hears that a population is declining be-
cause reproduction is decreasing or because age ratios are changing. Examples are
easy to find; I deliberately have not singled out any specific instances here. The con-
clusion “declining population” might be true, but it also might not be. Such a con-
clusion does not necessarily follow from the observed reproductive or age-ratio
changes unless other characteristics of the population, such as time-specific mortality
rates, remain constant. The assumption that other population characteristics remain
constant is rarely stated and may be very dangerous to the interpretation.

The points I wish to make are already knowm to population biologists (see, e.g., C.
J. Krebs, Ecology, Harper and Row, 1978, ch. 9-11; and D. B. Mertz, in: J. H. Con-
nell et al. (eds.), Readings in Ecology and Ecological Genetics, Harper and Row, 1970,
pp- 4-17). Caughley (J. Wildl. Manage. 38:557-562, 1974) described the problem
well: “Age ratios unsupported by other information seem to be statistics in search of
an application.” But the principles are not intuitive or obvious. Enough researchers,
including raptor workers, are routinely trapped by them that they need to be empha-
sized.

. To illustrate these principles 1 have chosen hypothetical but realistic examples us-
ing standard life-table or life-equation calculations (see Krebs, 1978, ch. 10). The
computations were facilitated with a BASIC computer program (which can be used
on most computers, including many small office or home models). The program is of
general utility and is provided in the Appendix. Any potential users are cautioned,
however, that life tables themselves can be misleading; they involve several assump-
tions, such as age stability and constant population characteristics. Life tables are use-
ful for modeling, as I have done here, but they should not be used for estimating sur-
vival rates from band recoveries, a common practice in the past (see note in the
program listing). The program given in the Appendix additionally assumes a constant
age-specific mortality rate for all birds over one year of age and death before they
reach their physiological “old-age” under normal ecological conditions.

For example proving that reproductive information alone can be misleading, con-
sider the hypothetical situation in table 1. In population B the rate of reproduction is
only one-half that of population A, but population B is growing at a rate of 14 per-
cent per year while population A is decreasing at a rate of 12 percent per year! If
you find that hard to believe, study the table and perhaps perform the calculations
youself. The reason for the seeming paradox is that higher survival (lower mortality)
more than compensated for the lower reproduction in population B.

Table 2 illustrates the problem with age ratios. Again, one of the hypothetical pop-
ulations is declining while the other is increasing, but the age ratios are identical! A
researcher watching these two populations, perhaps Peregrine Falcons, passing on mi-
gration could not distinguish between them on the basis of age ratios. The increasing
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population does so because higher reproduction is producing more first-year birds
and because lowered mortality is resulting in more older birds. But the ratio of first-
year to older birds has remained the same. The point is that age ratios are difficult, if
not often impossible, to interpret. It is like, in a case of simple division, trying to de-
termine the dividend and the divisor when only the quotient is known. Caughley
(1974) provides more examples.

Age ratios in the form of “catch curves” are occasionally useful in fisheries, but
even they are beset with problems. They often have the advantage of strong age-
classes to help serve as markers in the population. Usually when age ratios are re-
liable, one does not know it unless other data are also available for comparison. But
then those other data are sufficient for what one wants to know, and the age ratios
are unnecessary.

Population trends can be estimated by comparing age-specific reproduction and
mortality (i.e., the life-table approach) but only when both reproduction and morta-
lity information are available or if a constant time-specific mortality rate can be as-
sumed. The only good, clear data that I have seen in an example where reproductive
changes are in fact reflected in population changes involves Paul Spitzer’s Osprey
data for the northeastern United States (personal communication and presentation at
the 1978 RRF Annual Meeting). In addition to, the presence of good data on both re-
production and the actual total size of the breeding population over a period of
years, the Osprey example involves a relatively unique (for raptors) situation: a small
but fairly rapidly growing population where intraspecific competition and related
mortality probably have not resumed significantly. Hence the mortality rate is prob-
ably at a relatively low, constant “background” level.

In the case of Peregrine Falcons in the eastern United States (see J. J. Hickey, ed.),
Peregrine Falcon Populations, Univ. of Wisconsin Press), reproduction dropped and
the falcons disappeared. But the specific relationships betwen reproduction, mortality,
time, and actual population changes are far from clear, and we are left with only a
rough picture based on hindsight. Reproductive changes might be serious, as they ap-
parently were for Peregrines, and we could lose a population by waiting. Or changes
in reproduction might not be significant and we can make fools of ourselves and
stretch credibility by rushing in and sounding alarms that are not needed. Hindsight
can be painful either way. To avoid the problem of not knowing whether estimated
reproductive changes are serious and having to wait for hindsight, the solution is to
invest more time and effort (and money) to obtain better data for both reproduction
and mortality. Trying to make inferences when you have only half the picture can be
tricky. As a further safeguard for one’s inferences, it helps to have, if possible, other
measures of the population, such as proper sampling surveys and/or mark-recapture
programs with adequate proportions of recaptures.

In summary, although age ratios and reproductive information occasionally might
be useful if used alone, it is risky unless one has additional information (as in P. Spit-
zer’s Osprey case) for a backup. Perhaps in the future after more clear examples con-
sistently show that assumptions like constant time-specific mortality are reasonable,
we can use age ratios and reproductive data alone with more confidence. But until
then I urge that we proceed with caution.
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Table 1. Hypothetical example of lowered reproduction in an increasing population.

Population 1 Population 2

Average number young per successful nest 6 2
Average number young per adult 1.5 0.5
Age begin breeding 2 2

Proportion of adult females
successfully breeding 50% 50%
Average number of daughters
per successful female 3 1
First-year mortality 70% 35%
Annual mortality for older birds 50% 10%
ANNUAL RATE OF POPULATION CHANGE -24% +14%

Table 2, Age ratios in two hypothetical Peregrine Falcon populations.

Life Table Declining Increasing
Characteristics Population Population
GIVEN
First-year mortality 70% 50%
Annual mortality for older birds 25% 20%
Age begin breeding 3 3
Breeding success rate for adult females 60% 60%
Average number of daughters
per successful female 115 1.25
CALCULATED
Average number of young per adult 0.69 0.75
Maximum age (for an initial cohort of 1,000) 18 24
Annual rate of population change -12% +2%
Age ratios:
first year (immature plumage) 32% 31%
over first year (“adult” plumage) 68% 69%
APPENDIX
10 PRINT
20 PRINT * €% AVIAN LIFE TABLE ANALYSIS *#%"
30 PRINT
40 PRINT BY JAMES W. GRIERW
50 PRINT * ZOOLOGY DEPT.s NDSU, FAKRGO 58105”
60 PRINT
70 PRINT

830 PRINT "DO YOU WANT INTRUDUCTORY INFCRMATICN (1=YESs 2=N0O}";
90 INPUT A0
100 IF AQ0=2 THEN 310
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Table 1. Hypothetical example of lowered reproduction in an incrensing population

Average number young per
successful nest

Population A

Population B

4 2
Average number young per adult 1.0 0.5
. Age begin breeding 2 2
Proportion of adult females
successfully breeding 50% 50%
Average number of daughters
per successful female 2 1
First year motality 65% 35%
Annual mortality for older birds 35% 10%
ANNUAL RATE OF POPULATION CHANGE -12% +14%
Table 2. Age ratios in two hypothetical Peregrine Falcon populations.
Life Table Declining Increasing
Characteristics Population Population
GIVEN
First-year mortality 70% 50%
Annual mortality for older birds 25% 20%
Age of first breeding 3 3
Breeding success rate for !
adult females 680% 60%
Average number of daughters
per suceessful female 115 1.35
CALCULATED
Average number of voung per adult 0.69 0.81
Annual rate of population change -12% +3.5%
Age ratios:
first year (immaturc plumage) 32% 32%
over first year (“adult” plumage) 68% (8%
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“THIS PROGRAM CALCULATES POPULATICN GRUWTH RATES AND®
A NUMBER OF OTHER POPULATICN CHARACTERISTICS FOR"™
#HIRDS —— ASSUMING A CONSTANT MORTALITY RATE FOk '

" INDIVIUUALS OVER UONE YEAR OF AGE AND THAT THE 3I[RDS®
"OIE BEFORE REACHING THEIR PHYSIOLGGICAL LIMITS,"
*THAT IS, FEW BIROS DIE IN ThE WILD FRUM “0LD AGoe"?

"FOR A REFERENCE FOR SOME GF THE OTHER ASGUMPTIONS %
NSYMBOLS AND MATHEMATICS: SEES Ce Je KRESDSW™
“1978. ECOLOGYs HARPER AND RCW, PUBLe NeY« CHAPTER 10."

“CAUTIUON: LIFE TABLES ARE USEFUL FOR MODEL ING BUT THe lk*
"

LNTERPRETATICON CAN BE TRICKY ANDU THEY SHOULD®
" NOT BE USED FUR ESTIMATING SURVIVAL RATES —-—%
. ScE: BROWNIts ANDERSONs BURNHAM, ANC RIOBSCN,"
hd 1978e UsSe DEPTe OF INTERIORs FISH & WILOLIFE"
o SERVICEs» RESOURCE PUBLs NOs 131.%
NOTE TG PERSONS READING TRE PROGRAM: SUOME CF THE VARIAGLES

REM USED INTERNALLY (NOT PRINTED) MAY NuT HE THE SAME AS IN THE
REM TeXTe EeGas RIZMR(0)" AND R2="LITTLE R".
PRINT
PRINT "WHAT SPECIES ARE YUU WURKING WITH";
INPUT S$
PRINT “NOTE: INDICATE ALL KRATES GR PERCENTAGES AS PERCENTAGES "
PRINT “WwHAT IS YOUR ESTIMATE UF Thc FIRST YEAR MORTALITY®
PRINT “RATE FUR ";S$;"S";
INPUT I
PRINT “WHAT IS YOUR GUESS FUR ThE ANNUAL MORTALITY"
PRINT *RATE OF GLDER UIRDS™;
INPUT O
PRINT ®AT WAAT AGE DO YOU JelLIEVE ";iS$imS NUKNALLY®
PRINT "UOEGIN SRECDING?;
INPUT B
PRINT ;"“WHAT [S YOUR ESTIMATE CF THE PERCENTAGE OF ADULT®
PRINT “FEMALES THAT PrODUCE FLEDGLINGS EACH YEAR"™;
INPUT F
PRINT "wHAT IS THE ANNUAL AVERAGE NUMBER GF FEMALE YOUNGY
PRINT "“RAISLD BY SUCCESSFUL FEMALES (CAUTIGN: THINK®
PRINT "CAREFULLY THIS IS USUALLY COTAINED 8Y OIVIDING THE"
PRINT "AVERAGE TOTAL NUMBER OF YCUNG PER FEMALE BY 2)%;
INPUT V¥
PRINT
DIM X(7504LA75)+D(75)5Q(75)+5(75)sM(75)sW(75) JA(75)
MAT X=ZER(75)

(75)

(75)

{75)

{(75)

75)

ER(75)

FQR P=1 TO 75

LET X(P)= P-1

NEXT P

LET L{1)=1000
LET L(Z)—INT(IOGO‘(I-(IIIOOJ))
75

FJR P=

2 TQ

LET L(P+1)=INT(L(P)*{(1-(0/100)))
IFL(P+1)=0THEN700

NEXT
FOR P=

P

1L To

LET O(P)= L(F) L(P+1)
IFD(P)=0THEN740

NEXT P

FOR P=1 TO 75
IFL(P)=0THENT780
LET Q(PI=D(P)/L(P)

NEXT P
FUR P=

1 T 75

LET 5(P)=1-Q(P)
IFL(P)=0THENB20

NEXT

FOR P=

1 TO 75

IFX(P)KBTHENSS0
LET MIPI=(F*Y/100)%L(P)/1000

NEXT P

FOR pP=1 TO 75
LET W(P)=X(P)*M(P)
IFL(P)=0THEN9S00



